Abstract -The use of a single antenna which can cover a wide range of frequencies is a desirable feature for future wireless communications systems. The emerging self-organising and ad-hoc networks require more than an octave of bandwidth to facilitate multiband operation. A shorted planar monopole antenna is optimised for future wireless networking bands by suitable choice of planar dimension and feedgap separation. The antenna offers a return-loss greater than 10 dB from 1.60 GHz to 5.90 GHz. The radiation pattern is shown to be quasiomnidirectional within the 10 dB return-loss bandwidth. Antenna properties are compared with the simple planar monopole.
II. BACKGROUND
The square planar monopole was first reported in 1976, and radiation patterns were given over a range of frequencies [1] . Wideband planar disc antennas have been recently studied [2] and employed for the Japanese television band [3] , but suffer from pattern distortion within the impedance bandwidth. The radiation pattern of the simple square monopole suffers no degradation within the impedance bandwidth. A planar monopole may be realised by replacing the wire element of a conventional monopole with a planar element as shown in Figure 1 . By correct choice of geometry and feedgap separation, an impedance bandwidth ratio of 2.25:1 is easily achievable at S band. Figure 1 .
The simple square planar monopole is constructed using brass sheet 0.3 mm thick and fed through the groundplane using an SMA connector with a 1.2 mm diameter feedprobe.
Measurements of the 10 dB return-loss bandwidth for various sizes of square monopole on a 150 mm groundplane, show a strong dependence on the feedgap separation [4] . A recently reported alteration to this antenna is to add a shorting post to one corner of the planar element [5] . This introduces an extra mode and reduces the lower edge frequency making the antenna more compact.
III. ANTENNA DESIGN
The shorted planar monopole has been optimised for this frequency range by choice of square dimension, L, and for maximum impedance bandwidth by choice of feedgap separation, h. The antenna was constructed from brass sheet, with the dimension, L, of the square planar element, of 25 mm and located centrally on a 150 mm square groundplane. Various feedgap separations, h, were investigated and a SMA connector with a 1.2 mm feedprobe diameter was employed. The shorting strip was 2.5 mm in width. (see Figure 2 ). The antenna was accurately modelled using a method of moments analysis with a finite-gap feed and a wire-gridding technique was used for the planar element. This method has been shown to accurately predict the impedance bandwidth of planar monopole antennas for feedgaps greater than 1 mm [6] , and to simulate the radiation patterns.
IV. IMPEDANCE BANDWIDTH FOR THE SIMPLE AND SHORTED PLANAR MONOPOLE
Measurements of return loss have been made for a simple square planar monopole where the dimension L of the square element is 25 mm. The return-loss is shown to be greater than 10 dB over the frequency range 2.25 GHz to 5.05 GHz for the antenna with an optimised feedgap of 2.5 mm (see Figure 3) . The addition of the shorting strip suggested in [5] was added to this structure and the bandwidth was found to increase further. However, the feedgap needs to be reduced to keep the return-loss greater than 10 dB in the midband, and this dimension is fairly critical. The optimum feedgap separation was found to be 1.7 mm. The measured upper and lower edge frequencies for the shorted square element are 1.6 GHz and 5.90 GHz (see Figure 3 ). This represents an impedance bandwidth ratio of 3.7:1. The swept return loss curves based on the wire grid equivalent of the planar element are shown to be in good agreement with experimental data. These are shown in Figure 4 . 
V. RADIATION PATTERN
Both antennas exhibit quasi-omnidirectional patterns in the H-plane with a maximum variation within the impedance bandwidth, of + 1.8 dB and + 2.8 dB for the simple element and shorted-element respectively, when located on an infinite groundplane. These are shown in figures 6 and 7. The difference between the patterns of the two elements is smaller when the groundplane is finite. The E-plane pattern displays monopolar patterns for both simple and shorted elements with a typical vertical null. The simple square planar monopole has a maximum gain of 4.5 dBi at an elevation of 40 degrees with respect to the groundplane for 2.4 GHz and at an elevation of 25 degrees at 5.8 GHz. The maximum gain of the shorted element is about 1.5 dB less than the simple element and the angles of elevation corresponding to maximum gain are the same for 2.4 GHz and 5.8 GHz given the same size groundplane.
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The presence of extra lobes is observed at the upper end of the impedance bandwidth as shown in Figures  8 and 9 . These patterns are in agreement with previous experimental work [4] , and display typical monopolar groundplane dependency. The null depth and angle of elevation corresponding to maximum gain is groundplane dependent.
VI. CONCLUSION
The shorted square monopole dimensions has been optimised to broaden the bandwidth to cover future demands in wireless data networks. A comparison has been made with the simple planar monopole. Both antennas are shown to have fairly frequency independent radiation patterns within the impedance bandwidth.
The effect of feedgap distance is investigated and shown to be an important consideration.
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